The World Health Organization Collaborating Centre for the Epidemiology of Diabetes Mellitus, The Royal Southern Memorial Hospital, Computer Center Monash University, and Royal Melbourne Institute of Technology, Melbourne, Australia RAPER, L.R., BALKAU, B., TAYLOR, R. MILNE, B., COLLINS , V. and ZIMMET, P. Plasma Glucose Distributions in Two Pacific Populations: the Bimodality Phenomenon. Tohoku J. exp. Med., 1983 , 141 Suppl., 199-206-The frequency distribution of plasma glucose concentrations in certain populations show two distinct sub-groups, viz. the non-diabetic group and a hyperglycaemic group. The two groups show up as a double peak (bimodality) in the best-fit frequency distributions of log plasma glucose, and the separation or cut-off point where the two curves intersect, gives an indication of the plasma glucose level at which diabetes could be diagnosed. Venous plasma glucose concentrations two hours after a 75 gm oral glucose load were determined in the Micronesian population of Nauru and the urban Polynesian population of Western Samoa, in subjects aged 20 years and over. Both communities exhibit bimodal frequency distributions of plasma glucose in the upper age groups in both sexes. In the younger age groups the frequency distribution of plasma glucose typically follows the usual unimodal Gaussian curve. However, the high prevalence Nauruans show the bimodal form in all groups except the youngest males. The data show that among these two communities, as with the Pimas, the frequency distribution of plasma glucose concentrations can be used to separate the population into normal and hypergly caemic groups.-bimodality; diabetes ; Polynesian ; Micronesian ; hyper glycaemia Caucasoid populations demonstrate a unimodal frequency distribution of fasting and post-load plasma glucose levels1,2). However, a bimodal distribution has previously been reported in two ethnic groups with a high diabetes prevalence -the American Pima Indians3,4) and the Micronesian population of Nauru5) . Tables 1 and 2 set out measures of location and dispersion for age-sex specific 2-h PG concentrations in both populations , together with cut-off points and percent of subjects in the second component. There was a progressive age-related rise in both mean 2-h PG concentrations and the 95% confidence intervals . The effect is most obvious in the first or "normal" component. Cut-off points ranged from 158mg/100ml to 208mg/100ml in males and from 167mg/100ml to 216mg/100ml in females for the Western Samoans, whereas for the Nauruans, the corresponding figures were -males:
200mg/100 ml to 350mg/100ml, and females : 184mg/100ml to 304mg/100ml. The average of all cut-off values was 186mg/100ml for Western Samoans and 253mg/ 100ml for Nauruans.
These cut-off points are located so that they approximately minimize the respective probabilities of misclassification between the two distri butions.
The age and sex-specific frequencies in logarithmic 2-h PG classes are plotted in Figs 1, 2, 3 and 4 . The predicted best-fit component distributions are shown shaded, and in the case of Fig 1 (b) and Fig 2 (d) , the alternative distributions (bimodal and unimodal respectively) are shown as broken lines ; these two examples serve to illustrate typical differences between the computed unimodal and bimodal curves. Previously bimodal distributions of 2-h PG concentrations have been demon strated in similar age groups of the Pima Indians3,4) and the Micronesian popula tion of Naurus5). However, both the Pimas and the Nauruans have an exception ally high prevalence of diabetes -the highest recorded in the literature. On the other hand, using the new diagnositc criteria 7,8), Western Samoans (Z 20 years) have a diabetes prevalence of 6.7%11) and yet still show evidence of bimodality in the older groups.
Taking into account that Caucasoid populations have unimodal frequency distributions of post-load plasma glucose concentrations, and have prevalence rates of approximately 3%, we can assume that the appearance of bimodality in the older age groups begins to appear when the prevalence of diabetes in the adult Distributions of log two-hour plasma glucose by age group-Western Samoa females. Fig. 3 .
Distributions of log two-hour plasma glucose by age group-Nauru males.
population is between this figure and 6.7%. It had earlier been suggested that about 10% of the population would need to fall into the second component of a frequency distribution before bimodality became obvious in a population3).
The phenomenon of bimodality of glucose concentration has important implications. It allows division of a population into a normal (non-diabetic) group and a hyperglycaemic (or diabetic) group using the cross-over point as cutoff between the two sub-populations3-5).
Our studies on Pacific Islanders, as well as the studies by Rushforth et al of the Pimas3,4), have shown that cut-off points at 200mg/100ml to 250mg/100ml are the levels of 2-h post-load plasma glucose which separate "normals" from "diabetics" in these populations with high diabetes prevalence .
Bennett et al. have demonstrated that the frequency of specific diabetic complications, such as retinopathy and nephropathy, are much higher in Pima Indian men who fall into the second component of the frequency distribution of 2-h PG than those who fall into the first component"). Furthermore, Jarrett and Keen found that diabetic retinopathy and lens opacities are much more common in Caucasians with a 2-h capillary blood sugar of 200mg/100ml or over, compared with those of lower levels6).
It is interesting to note that the average cut-off between "hyperglycaemic" and "normal" sub-populations on the basis of the crossover point of the bimodal frequency distribution of the 2-h post-load plasma glucose, depends to some extent on the diabetes prevalence in the population. Thus, the Pima Indians with the highest diabetes prevalence have an average cut-off level of approximately 250 mg/100ml3), Nauruans also have an average cut-off of approximately 250mg/100 ml5), and the urban Western Samoans with the lowest diabetic prevalence of this group have an average cut-off level of approximately 190mg/100ml.
